This study is an ongoing research which aims to renovate the current science learning environment in Taiwan by establishing a Smart Classroom 2.0 through various innovative smart classroom technologies. In this paper, one of the Smart Classroom 2.0 systems, namely the Speech-Driven PowerPoint (SDPPT) system, will be introduced. The SDPPT system is a novel educational advance, which utilizes automatic voice recognition technology to assist PowerPoint Presentations in university teaching. Before the development of various Smart Classroom 2.0 systems, a baseline study was conducted in order to better understand the needs and learning preferences of university students. Having completed the baseline study, the SDPPT system has been deployed and pilot tested in a university classroom. A total of 46 undergraduate students participated in the pilot testing of the system. Students' general perceptions towards learning in an Information and Communication Technologies-Supported Learning (ICT-SL) environment were analyzed using paired sample t-tests. The results indicated that students' learning motivation and learning effectiveness have increased after experiencing the SDPPT system. In addition, students also revealed that they enjoyed the interactions provided by this new system and anticipated the development of the SDPPT would facilitate better learning in classroom environments.
Introduction
With the rapid advances in modern computer technology over the past decades, computer-assisted instruction (CAI) has been deemed as a powerful instructional method in the secondary classroom (Chang and Lee 2010) . The National Science Education Standards proposed by the U.S. National Research Council also stated that students should be required to use a wide range of technologies such as computers and software for data display and analysis when conducting scientific investigations (National Research Council 1996) . Moreover, the recent science and life technology curriculum standards in Taiwan specifically indicated that students should be able to use computers to store and retrieve information, produce tables and graphs and make spreadsheet calculations in secondary science education (Ministry of Education 2001 , 2004 .
In response to this advent of the modern Information and Communication Technologies (ICT), many universities in Taiwan have made conscientious efforts to modernize their classrooms by equipping them with technologies (McAlpine and Gandell 2003) . In Taiwanese university classrooms, such implemented technology is often referred to as an "e-Station" (Winer and Cooperstock 2002) . A typical e-Station classroom has an instructor station equipped with a networked computer and audiovisual devices which allow the instructor to teach using various media including presentation software, DVD players, LCD projectors and the like. Even with the addition of these types of technology, many of the e-Station classrooms still seem inadequate in facilitating teaching and learning. Therefore, this study was initiated to renovate the current university classrooms in Taiwan by establishing a "smart classroom" with innovative ICT systems (Chang and Lee 2010) . In addition to the features of an e-Station, the smart classroom incorporates innovative technologies to create a classroom with interactive learning materials.
Smart classroom
A smart classroom is generally referred to as a traditional classroom with multi-technology and media systems installed. By emphasizing monitoring and coordinating features in infrastructure, the installed technologies are expected to make the classroom environment sensitive to meet the teaching and learning needs. In addition to the term "smart classroom" (Chang and Lee 2010; Mao et al. 2002) , different but similar terms are also used to describe this kind of modernized classrooms, such as "intelligent classroom" (Winer and Cooperstock 2002), "smart space" (Zhang et al. 2003) , "context-aware ubiquitous learning environment" (Hwang et al. 2008) , and "ambient intelligence" (Leonidis et al. 2010; Li et al. 2009 ). Despite different terms used, with the application of information technologies like wireless networks and multimedia devices, the development of smart classrooms shown in the studies all aims at creating a sensitive and intelligent environment in which various types of teaching and learning activities can be supported unobtrusively and seamlessly.
In the design of smart classroom, various functions have been highlighted to support different classroom activity needs, such as to help keep students' class notes up with instructors' lecture, to capture classroom live experiences, and to automate routine classroom tasks . Different information communication technologies have been used in the related studies to support those functions and needs, including Web-based technologies (Day and Foley 2006; Suo et al. 2009 ); wireless and mobile technologies (Hwang et al. 2008; Hwang et al. 2011; ; digital whiteboard technologies (Smith et al. 2005) ; audio and video recognition technologies (Chang and Lee 2010; , and face and gesture recognition technologies (Chang and Lee 2010; .
As mentioned earlier, the higher education institutions in Taiwan has advocated the increase integration of technology into teaching by equipping technologies and media devices to modernize the traditional classroom learning environments. The initiative of National Taiwan Normal University (NTNU) is striving to construct a smart environment at college level named "Smart Classroom 2.0", which consists of various innovative systems (Chang and Lee 2010) . This study aims at examining the impact that one of the Smart Classroom 2.0 systems, namely the Speech-Driven Power Point presentation (SDPPT) system, has on teaching and learning.
Learning environment preference of college students
According to (Fraser 1998, (p. 3)), learning environment encompasses "social, physical, psychological, and pedagogical contexts in which learning occurs and affects student achievement and attitudes." Having an effective learning environment has thus become one of the teachers' challenges in helping students engage in and take responsibility for their learning (National Research Council 1996) . Studies have suggested that the congruence of preferred-actual perceptions enhances students' learning achievement (Fraser and Fisher 1983a,b) and improves learning attitudes toward the subject (Chang et al. 2006) . While considering establishing a future Smart Classroom 2.0 for undergraduate students, it is very essential that a baseline study that examines students' preferred learning environment is conducted beforehand, so that students' learning needs can be better fulfilled which eventually will help them achieve better learning outcomes. In this study, a baseline survey on undergraduate students' needs for technology-integrated systems for classroom learning has been conducted.
Baseline study
The university-wide survey study, namely e-Station Learning Experience and Expectation Questionnaire was conducted to investigate college students' current e-Station classroom learning experiences and their expectations on future smart classroom (Chien and Chang 2010; Chien and Chang 2012) . The purpose of the survey was to provide useful information to the development of the Smart Classroom 2.0 tailored to students' needs and learning environment preferences.
A total of 222 undergraduate students, on average of 20 years old, participated in this survey. The 222 students included 108 (49%) men and 114 (51%) women; 113(51%) natural science majors and 109 (49%) social science majors. The survey questions, designed by 5-point Likert scale items, were focused on investigating students' current eStation classroom learning experience, to what extent the computer technologies were used in classroom settings and students' expectations on future technology-enabled classrooms. The reliability of the survey was 0.91.
As shown in Table 1 , the results indicated that the most frequently used instructional technologies in the college classrooms was PowerPoint presentations followed by multimedia technology, with 72% and 50% of the respondents reported using almost in every class. The least frequently used were video conference and chat room, more than 80% reported never used in their classes.
The results of our survey, as shown in Table 2 , also suggested that 87% (56% = expected; 31% = highly expected) of the 222 university students held high expectations toward using automatic voice recognition technology in their learning. The survey results provide baseline information of how the technology-enabled teaching and learning are functioning in current college classrooms and what students' expectations of a future smart classroom are. With this useful baseline information, it helps researchers and computer engineers to develop a future smart classroom more tailored to students' learning needs and provide a learning environment that can ultimately enhance students' learning outcomes. Taking into account the aforementioned high usage rate of PowerPoint Presentations in university classrooms, and students' great expectations for utilizing voice recognition technology in learning, an integrated system prototype of Speech-Driven PowerPoint (SDPPT) has been developed with the attempt to facilitate students' learning.
Conventional vs. Speech-Driven PowerPoint (SDPPT)
In the conventional way of conducting the piloted class, the class instructor would raise simple questions to help students brainstorm ideas to facilitate better student-teacher interaction in the classroom. Based on students' answers, the instructor would quickly show the corresponding slides on the PowerPoint to help students visualize and comprehend the concepts presented more easily. However, since students' answers were dependent on the learners' own ideas, the instructor had no way of predicting the sequence of students' answers when preparing the PowerPoint slides. Therefore, based on each answer, the instructor would need to quickly browse through the entire PowerPoint file to find the matching slides. Though this way of conducting the class was applied to improve students' engagement in the class, there existed the tradeoff of interrupting the flow of the class for the purpose of visual presentation. The newly developed SDPPT system utilized voice recognition technology to identify certain keywords as they were spoken and the system then automatically responded by presenting the corresponding PowerPoint slides on the overhead screen. With the development of the SDPPT system, the instructor could directly call out any desirable PowerPoint slide through a mini and portable handheld microphone. This freed the instructor physically from the teaching platform, and also saved the instructor the time of browsing through the entire PowerPoint file to find the matching slides. Figure 1 illustrates how the SDPPT was used in the classroom.
Voice recognition technology has long been widely utilized in commercial applications, such as mobile phones, for example in the uses of name dialing, phone book searching and vocabulary dictating (Varga and Kiss 2008) . Despite the common use of voice recognition technology in the mobile phone industry, its use as an educational tool for retrieving desirable PowerPoint slides in classrooms is a pioneering teaching approach. In the current study, we pilot tested the SDPPT system and examined students' perceptions toward learning in an ICT-supported environment. Students' perceptions in the following three aspects were surveyed: learning motivation with ICT, learning effectiveness with ICT and learning with SDPPT.
Methods

Participants and procedures
The Speech-Driven PowerPoint (SDPPT) system was deployed and pilot tested in an elective earth science course. A total of 46 undergraduate students, 22 males and 24 female, whose ages ranged from 18 to 24 participated in the study. A week before deploying the system, students were pre-tested for their general perceptions towards learning in an ICT-supported environment. During class time, The SDPPT system was deployed during the lecture. Students were post-tested at the end of the lecture and asked to write reflections on their experiences with the system. The instructor was also interviewed to find out how his teaching was affected when the SDPPT system was used.
Lecture
The instructor gave a lecture to students about the distinctive characteristics of various dinosaurs and helped students distinguish between the facts and the fallacies about dinosaurs from the movie clip of Jurassic Park. The instructor pre-designed the lesson with the innovative feature of SDPPT. The PowerPoint was pre-programmed so that when certain keywords were spoken, it would automatically present the corresponding slides.
Instrumentation
AICT-SL questionnaire
A five point Likert-type scale ranging from 1, strongly disagree, to 5, strongly agree, was used in the questionnaire, namely Attitudes toward ICT-Supported Learning (AICT-SL). The 15-item questionnaire which consisted of 3 factors, learning motivation with ICT, learning effectiveness with ICT, learning with SDPPT, was previously pilot tested to 114 undergraduate students taking the same course. The estimated reliability of AICT-SL was 0.91. The suitability of data for factor analysis was assessed and the derived Kaiser-Meyer-Oklin value was 0.88, exceeding the recommended value of 0.6 (Kaiser 1970 (Kaiser , 1974 . In addition, the Barlett's Test of Sphericity (Barlett 1954) also reached statistical significance (p = 0.000), supporting the factorability of the correlation matrix. The rotated solution using Varimax rotation revealed the presence of four factors, which together explained a total of 80.77 percent of the variance. In particular, factor 1 (learning motivation with ICT) contributed 36.1 percent, factor 2, (learning effectiveness with ICT) 23.8 percent, and factor 3, (learning with SD_PPT) 20.8 percent of the variance. The AICT-SL was again administered on the post-test to the class of 46 students and the reliability was also 0.91. Due to the small sample size in this study, the statistical significance level was set at α = 0.1. The magnitude of the differences between the means of the pre-and post-test means were assessed using effect size (ES), with 0.20 representing a small ES, 0.50, a medium ES, and 0.80, a large ES (Cohen 1988) . Note that ES takes into account the size of the difference between the means, regardless of whether or not it is statistically significant. Several researchers have suggested the inadequacy of merely using the result of statistical significance testing for statistical inference since the achievement of statistical significance may depend upon the sample size (Cohen 1988; Daniel 1998; McLean and Ernest 1998) . Researchers argued that it is easier to achieve a statistical significance when the sample size is large rather than small and vice versa. With the small sample size in this study, it is more likely to obtain a statistically insignificant result. Therefore, the results of significant effect sizes that occurred in several findings of this study may represent a possibility of achieving statistical significance when a future study is replicated with a larger sample size. Hence, the findings with no statistical significance yet a significant effect size may still provide useful practical significance to the study.
Student reflections
Students' opinions on learning in an ICT-supported environment were collected through open-ended questions in student reflections. Students were asked to elaborate on how their learning has been affected after exposure to the SDPPT in the following three aspects: 1. learning motivation with ICT, 2. learning effectiveness with ICT, and 3. interaction with the teacher and fellow students. The research reported in this manuscript has been performed with the ethical approval from the Ministry of Science and Technology under the reference number of MOST 104-2911-I-003-301.
Teacher interview
Teacher's responses toward the system were also collected through a 10-minute interview. The interview questions focused the on the changes in teaching approaches that the teacher underwent while implementing the SDPPT system in the classroom.
Results and discussion
Increased learning motivation and student engagement
The data were analyzed using paired sample t-test. The results, as shown in Table 3 , indicated that students' overall attitudes toward ICT-supported learning improved significantly after having experienced the SDPPT system (t = −3.26, p = 0.002, d = 0.48, approaching medium effect size). Particularly, students' perceptions toward learning motivation with ICT increased substantially (t = −3.58, p = 0.001, d = 0.53, medium effect size). Although students' perceptions toward learning effectiveness with ICT and the system itself did not show significant improvements (t = −1.56, p = 0.13, d = 0.23, small effect size; t = −0.24, p = 0.81, d = 0.04), there were still small effect size in their perceptions toward learning effectiveness with ICT, and their attitudes on the system were fairly positive to begin with (Pre-test Mean = 4.08). This indicated that students in general had great susceptibility toward the system.
In students' reflections, a majority of them reported that "the system makes learning more fun" and that their "learning interests have greatly increased". Particularly, students also liked the fact that they could have "more interaction with the teacher" when the system was used. For instance, a student commented, "the system is very interesting and it allows the teacher to actually step out of the teaching platform and interact with students directly". Several others also stated that "because the system enables more interaction between the teacher and students", it made them "more willing to participate and to learn in the class".
In addition, the teacher's perceptions generally paralleled with those of the students. As indicated by the teacher, "the fact that one's voice can activate the desired PowerPoint slides in accordance to the speaker's cues allows not only the instructor but also other students to interact with the course contents. This naturally increases students' in class participations". The teacher also indicated that since his teaching style "involves a great deal of moving around in the classroom," this system can "indeed meet teaching needs" by unrestricting him from the teaching platform and enabling him to "interact with the system and the students at the same time." Improvements in students' self-perceived learning effectiveness Though students' perceptions towards learning effectiveness with ICT did not reach statistical significance, the small effect size may still indicate some practical significance (t = −1.56, p = 0.126, d = 0.23). As a student reflected, "the new system has made learning more efficient without having to switch back and forth from the PowerPoint full screen presentation to the slide sorter view in order to find the matching slides". Several students also expressed that not only their "incentives for learning" increased, but that they had become "more focused" and "paid more attention" in the class when the SDPPT was implemented. Many others also indicated that the system helped "deepen their memory and make their learning more effective". Likewise, the teacher also suggested that he had noticed "an increase in students' attention in class" when the SDPPT system was used as opposed to the regular PowerPoint system.
Greater system stability to reach better learning and teaching efficiency
Since the system is still in its preliminary stage of development in the field of education, the accuracy of voice recognition still has room for improvements. Two students pointed out that "sometimes the system's retrieving of the wrong slides or simply not responding to the command makes learning inconvenient". Similarly, the teacher stated that he needed to slow down the pace of his speaking and spoke with extra clarity when the system became unstable. This, therefore, caused "extra pressure and anxiety" in both his preparation and teaching of the class.
Despite these negative feedbacks to the system's instability, most of the students still responded optimistically towards the system by stating that their "learning would be much more efficient if the accuracy of the system could be enhanced". The instructor also anticipated the SDPPT system would become more mature in the near future and would greatly benefit teachers' PowerPoint based instruction. The teacher and students have both indicated that they "anticipate the development of the SDPPT system will facilitate better learning". To sum up, this study pioneers a teaching approach of incorporating the SpeechDriven PowerPoint (SDPPT) system, which utilizes automatic voice recognition technology to assist PowerPoint Presentations, in university teaching. Overall, both the teacher and students attitudes were positive towards the system. Students' perceptions towards ICT-supported learning, particularly learning motivation and learning effectiveness with ICT, improved after experiencing the SDPPT system in the class. Students reported that they anticipate the improvements in the accuracy of the system and are expecting to see enhancement of their learning through the aid of the future model of the SDPPT system.
With these advanced smart classroom systems, practitioners still need to be reminded that technology itself cannot improve teaching and learning. Rather, it is how instructors utilize technology and organize teaching and learning activities into good instructional designs that can truly help improve instructions. Therefore, while integrating technologies into classrooms, it is also important to focus on the instructional and learning needs to develop a future smart classroom that can truly facilitate and enhance teaching and learning as a whole.
Limitation
Although the data of this study indicated that students' perceptions towards ICTsupported learning improved after experiencing the SDPPT system in the class, the possibility that the improvement was attributed by students' curiosity or novelty effect cannot be eliminated. Since people might have the tendency to have increased interests when trying out new technology, it is therefore reasonable to speculate that students' improved perceptions towards ICT-supported learning may not be entirely attributed to the effectiveness of SDPPT system itself but to novelty effect. Due to the pioneering nature of this research, the SDPPT system was only tried out for exemplary innovative teaching practices in a few university classes. In addition, the study has only used the self-report method to survey students' perceived learning motivation and effectiveness on the use of ICT. However, based on the feedbacks collected from the students and the instructor of the current research, we will be able to improve the system by taking account of the feedbacks and replicate the study in a more longitudinal way. Moreover, in our future studies, in addition to merely using students' self-perceived measurement to survey their affective learning outcomes, we will also adopt more objective assessment through the use of empirical data to examine students' cognitive learning outcomes. Through these efforts, we anticipate that the possibility of novelty effect can be minimized as much as possible in our future replicated studies.
Future studies
Our research will continue to renovate the current science learning environment by fine-tuning the SDPPT system, developing several other Smart Classroom 2.0 systems and hopefully integrating all the systems into mobile devices. In addition to activating PPT slides with voice prompts, we are hoping to further develop the SDPPT system with voice-activated searching feature which allows the instructor for an instant in-class search with voice prompts. This way, when students raise questions, the instructor can respond instantly by providing additional and detailed information with the use of voice-activated searching system. Moreover, for future studies, we will extend our staged efforts to utilize mobile devices into pre-service teacher education. Mobile devices, such as smart phones and tablet PCs, have received substantial attention from the community of educational technology research in the past decade. This rapidly growing interest is due to the great potential mobile devices in making learning more flexible than ever before. However, the renovation of teacher education, to foster the teachers who are capable of mobileassisted teaching, lags far behind the popularization of mobile devices in schools. Therefore, in continuation of the development of Smart Classroom 2.0 Systems, we will also utilize mobile devices into teacher preparation program. We are making every endeavor to integrate various Smart Classroom 2.0 systems, i.e. automatic face recognition system, instant response systems, augmented reality, automatic assessment and the like, into mobile devices.
Having integrated the various systems into mobile devices, we hope that pre-service teachers will have the convenience of utilizing these innovative systems into their teaching, and their abilities in mobile-assisted teaching can be cultivated. Ultimately, we anticipate establishing a more full-fledged Smart Classroom 2.0 learning environment to facilitate teaching and learning and replicating the present study with a substantially larger sample size in the near future.
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